Introduction: Malaria, a major problem in tropical climates, presents with various hematological aberrations. We aimed to assess whether complete blood indices would increase the probability of malaria in patients with acute febrile illness. Methodology: Between February 2009 and December 2010, we conducted a study involving 824 consenting consecutive patients older than 12 years with a confirmed diagnosis of malaria based on thick and thin blood films. A detailed history and physical examination were completed on all patients before inclusion. Complete blood counts and detection of Plasmodium species were also performed as well as liver function tests, prothrombin time, reticulocyte counts, and parasite load. All data was analysed using SPSS 16.0 and percentages were calculated. Results: Out of 824 patients, 616 (75%) were male and 208 (25%) were female with an age range of 18 to 55 years (33.2 ± 8.3). Out of 87% thrombocytopenic patients, 66% were affected with Plasmodium falciparum and 21% with Plasmodium vivax. In patients with P. falciparum, thrombocytopenia was mild (16%), moderate (43%) and severe (7%), while in P. vivax patients thrombocytopenia was mild (10%) and moderate (9%). Thrombocytopenia was moderate in the mixed cases (2%). Anemia was seen in 71% and normal leucocyte counts were observed in 79% of the cases. Normal differential leucocytes counts were seen as follows: eosinophils in 80%, neutrophils in 93%, lymphocytes in 85%, monocytes in 97%, and basophils in 100%. Conclusion: Blood indices should be included in patient evaluations as various hematological aberrances can lead to the diagnosis of malaria.
Introduction
Global efforts to control malaria in recent decades have made little progress, and it remains the most widespread arthropod-borne disease [1, 2] . As its clinical features overlap with many other diseases it is often difficult to diagnose quickly. Malaria claims 1.1 to 2.7 million lives annually and over 40% of the world's population is at risk of contracting malaria, since they live in malaria endemic areas [3, 4, 5] . Pakistan has an incidence of one case per thousand population [6] .
Resource-poor countries still rely on clinical diagnosis and presumptive antimalarial treatment has resulted in the emergence of chloroquine resistant species [7, 8] . Although microscopy is the single most important diagnostic test, it requires trained individuals with technical expertise to perform and analyse the tests, and diagnostic aberrancies may result in tests performed by different individuals [8] .Blood, the most easily accessible tissue of the body, can be used for rapid diagnosis of hematological changes which have been reported in settings where malaria is found [9] .
The hematological changes previously reported in the literature include anemia, thrombocytopenia, atypical lymphocytosis, leucopenia, leukocytosis, neutropenia, neutrophilia, eosinophilia, monocytosis and rarely disseminated intravascular coagulation (DIC) [10] . We aimed to assess whether complete blood indices would increase the probability of malaria in patients with acute febrile illness. This approach can heighten the suspicion of malaria in tropical fevers, instigating a more meticulous quest for malarial parasites, thus saving time and money for both the physician and the patient.
Methodology
This observational study was conducted between February 2007 and February 2011 in the Department of Internal Medicine, Dow Medical College, Dow University of Health Sciences, Karachi, Pakistan. A total of 824 consenting consecutive patients were included in the study, who were either males or females older than 12 years of age with a confirmed diagnosis of malaria based on thick and thin blood films. According to our teaching hospital's policies, 12 years is the cutoff age for paediatrics patients. Patients with a concomitant proven hematological disorder due to secondary causes, such as chronic liver disease, drug use, or associated dengue fever, were excluded from the study as were patients already on antimalarial therapy, those with primary hematological disorders, and pregnant females with malaria. A detailed history and physical examination were performed for each patient. Fever patterns, presence of jaundice, hepatosplenomegaly, lymphadenopathy, skin petechial hemorrhages, chills and rigors, and urine color were specifically noted. Complete blood counts and detection of Plasmodium species were completedbefore patients were included in the study and liver function test, prothrombin time, reticulocyte count, and parasite load were completed for every included patient. Detection of fibrin degradation products (FDP) and D-dimer were also performed in some cases. We used only selected clinical and laboratory parameters while doing analysis. All data was analyzed using Statistical Package for Social Sciences version 16.0 (SPSS, IBM, Chicago, USA). Baseline hematological parameters such as hemoglobin, platelets, leukocyte counts, and their differential counts were classified into normal and pathological counterparts. Frequencies and percentages were calculated for the patients falling into each of these categories. The percentages of patients who presented with the clinical features were calculated and stratified according to the Plasmodium species. P-values were calculated by chi-square method. The most important hematological aberrations such as anemia and thrombocytopenia were compared among the three categories of malaria (falciparum, vivax, and mixed) and chi-square was used to calculate the p-values. The sensitivity, specificity, and predictive values were also calculated for anemia and thrombocytopenia according to the type of malaria. The relative risk for anemia and thrombocytopenia in malaria-affected individuals were calculated.
Results
Out of 824 patients, 616 (75%) were male and 208 (25%) were female with ages ranging from 18 to 55 years (33.2 ± 8.3). All patients included in the study had active malaria as determined by the presence ofschizont and ring stages of malarial parasites. On the fifth day after treatment with artemether and lumifenterine 80/480 mg, 768 (93%) patients were rendered malaria free and the remaining 56 (7%) patients were malaria free on the seventh day. The hematological parameters noted were hemoglobin, platelets count, and total leukocytes as well as differential counts (Table 1 ). Anemia and thrombocytopenia were present in 71% and 87% of the population, respectively. Clinical features are shown in Table 2 with four features significantly correlating (p < 0.05) with malaria, i.e., fever, rigors/chills, headaches, and anemia. Species specific parameters are shown in Table 3 , with anemia correlating positively with Plasmodium falciparum anemia (p = 0.001), while moderate and severe thrombocytopenia correlate well with Plasmodium vivax malaria (p < 0.001). Species specific statistical parameters such as prevalence, sensitivity, specificity, and positive and negative predictive values are shown in Table 4 . Anemia in falciparum malaria was both sensitive and specific (80% and 100%) with a 100% positive predictive value, and anemia in vivax malaria was rather specific (80%) but had only 19% positive predictive value and 80% negative predictive value. Anemia in mixed malaria was neither sensitive nor specific. The specificity for severe thrombocytopenia in vivax and mixed malaria was 56% and 60%, respectively. Table 5 shows the relative risks of obtaining a particular hematological parameter in a malaria-affected cohort. The relative risk for people with malaria to contract anemia was 3.18. The relative risk of contracting moderate and severe thrombocytopenia in a cohort was 0.99 and 0.44 respectively.
Discussion
Hematological delinquencies are the hallmark of malaria, especially pronounced in P. falciparum, due to high parasite index [11] . The hematological changes previously reported in the literature include anemia, thrombocytopenia, atypical lymphocytosis, leucopenia, leukocytosis, neutropenia, neutrophilia, eosinophilia, monocytosis, and rarely DIC [10] .
Clinical signs which statistically support a diagnosis of malaria include fever, headache, anemia, and rigors/chills, as reported in other studies [12, 13] .
We observed a myriad of hematological aberrancies ranging from simple anemia to severe life-threatening thrombocytopenia.
Anemia was found to be statistically significant in P. falciparum malaria patients in our study with a 100% positive predictive value (PPV), while PPV was only 19% for vivax malaria and 24% for mixed malaria. Anemia in vivax malaria was not sensitive but it was specific; while it was neither a sensitive nor a specific parameter in mixed malaria, we suggest that anemia is a more confounding parameter in vivaxaffected patients and it more strongly rules in falciparum patients if found. Anemia in all 71% patients was hypochromic microcytic anemia, conforming to the findings of prior studies [11, 14] , but we also suggest that the RBC volume depends on the nutritional status of the patient and concomitant thalassemia, which is prevalent in our region. Anemia in malaria has been hypothesized as a result of hemolysis, peripheral removal of both parasitized and non-parasitized cells, and ineffective erythropoesis. Abnormally high levels of tumor necrosis factor have been implicated in the ineffective erythropoiesis [15] .
There are conflicting reports regarding changes in white cell indices. In our study there was no dramatic decrease in the white blood indices, which supports the findings of Layla et al. [10] while contradicting others [11] . The differential counts in our study were all within the normal ranges. The occurrence of lymphocytosis in our cohort almost matched the findings of other studies [10] ; however, none of our patients had lymphopenia. Reticuloendothelial system hyperplasia had been defined by previous authors in the form of hepatosplenomegaly and monocytosis [16, 17] . In our study, monocytosis was present in only 3% of the patients, which further statistically supports the insignificance of hepatomegaly (0.843) and splenomegaly (0.311). Eosinophilia was present in 20% of the patients, which cannot exclusively be attributed to malaria as we did not rule out other parasitic infections prevalent in our area. To the best of our knowledge there does not appear to be any literature relating to changes in basophil counts. Platelet abnormalities in malaria are both qualitative and quantitative. Low platelet count emerged as the strongest predictor of malaria, a previous observation which we confirmed [9] . Findings of thrombocytopenia with anemia is an important clue to the diagnosis of malaria in patients of acute febrile illness and this is in agreement with the findings of studies from Africa [9, 18] . In the current study, 87% of the patients suffering from malaria showed some degree of thrombocytopenia. These figures are comparable to the observations of previous studies, in which the authors found thrombocytopenia in 59% to 71% of the patients [6] .
Thrombocytopenia has been consistently attributed to P. falciparum malaria but is infrequently described with vivax. In our study we found moderate and severe thrombocytopenia to be statistically significant among P. vivax malaria patients and this observation supports previous reports in isolated literature pertaining to thrombocytopenia in vivax malaria [19, 20, 21] . Thrombocytopenia has been postulated to occur secondary to peripheral destruction, splenic sequestration, and platelet consumption secondary to DIC, but none of our patients showed any bleeding tendencies despite very low platelet counts. The presence of cellular bone marrow in some cases of malaria suggest that thrombocytopenia is not likely to be secondary to marrow failure; rather, the immunemedicated destruction of platelets has been postulated as the cause of thrombocytopenia [9] . Qualitative abnormalities of platelets are also found in malariainfected patients. The most commonly observed abnormality is the formation of giant platelets which helps in releasing premature megakaryocytes secondary to thrombocytopenia [22] .
In the peripheral blood of malaria-infected patients, low hemoglobin and low platelets are considered the most significant diagnostic parameters. Maina et al. have described that these parameters have sensitivity and specificity of 80% and 84%, respectively [9] . In our study, we observed anemia in falciparum malaria to be 80% sensitive and 100% specific, and thrombocytopenia of any severity was neither sensitive nor specific (maximum value of specificity 55%). Hence patients with acute febrile illness without localizing signs and having a combination of anemia and thrombocytopenia should be treated by the attending physician with a high suspicion of malaria infection, which can be confirmed with specific tests [9] .
Conclusion
As malaria has a varied presentation profile, one should always keep in mind that investigating complete blood indices would increase the probability of detecting malaria in patients with acute febrile illness but will not serve as a specific diagnostic tool because these alterations can be encountered with other tropical diseases, such as dengue and typhoid. In malaria endemic regions, any patient with acute febrile illness showing the clinical triad of headache, fever, and rigors/chills, along with low platelet counts as well as anemia, irrespective of a malaria smear, should be thoroughly investigated for malaria. 
